For the last two decades, many countries have chosen a change in strategy from waste management to resource management. Residues are seen as new and valuable resources, and the main objective of waste management in times of volatile resource availability is recycling. New collection systems as well as separation processes are being designed in order to obtain as much valuable material from waste as possible. Often, these activities are promoted by national policies and directed towards individual groups of waste materials such as packaging waste, electronic waste and end-of-life vehicles. The result of these efforts is that in several countries more than half of all waste materials generated are utilized as secondary resources.
The benefits of this remarkable development are twofold: On one hand, the replacement of primary resources by secondary materials contributes substantially to environmental protection: Less land is used for mining, less tailings and waste materials are produced by primary production, and much less emissions are discharged into water, air and soil. The use of secondary resources also stabilizes resource markets, and contributes to reducing the scarcity of materials. Furthermore, the production of useful materials from waste in general requires less energy and materials than the production of the same material from primary resources, even after accounting for the incremental investment in equipment and fuel needed to recover secondary materials from the waste stream.
As a result of these advantages, recycling activities and recycling quotas are continuously increased. The purpose of this editorial is to draw your attention to the well established fact that waste contains not only valuable materials but can often carry hazardous substances, too, and that a sustainable waste policy needs to address both the recycling issue as well as the hazardous substance issue.
Modern products are made from complex mixtures of many elements. They are designed for highly specific purposes, and are composed of countless substances that enable the products to fulfill their functions over a certain lifetime. Furthermore, most products are protected against deterioration by weathering and corrosion, mechanical wear, microbial attack, human misuse and others. These two features, the advanced functions as well as the protection against damage, are the reason why many thousands of tons of hazardous substances such as persistent organic molecules and heavy metals are built into both durable and nondurable goods. It is expected that in the future more priority will be given to green design and the prevention of hazardous substances in products by corporate social responsibility and by regulation. It remains to be seen how effective and how quickly such measures decrease the amount of hazardous substances in products on a scale that is large enough to become relevant for waste management.
If products are recycled, the entrained hazardous materials are included in the cycles, too. Hence, over time the recycling of waste that contain hazardous materials will lead to a new material stock that poses not only risks for its users but also problems for future waste management. Especially for materials that stay in use over long periods of times and are subject to multiple recycling, it can be estimated that -despite present day prevention efforts to decrease the use of hazardous materials -the future amount of hazardous materials reaching waste management systems will be larger than today due to successive accumulations. Thus, in order to establish a sustainable waste management strategy that does not shift waste problems into the future, it is necessary to design recycling schemes that remove harmful materials; namely the hazardous substances that are contained in waste have to be eliminated before or during recycling. If this is not possible, waste materials have to be disposed of by other means such as incineration and landfilling.
A 'clean cycle' philosophy requires a change in recycling strategy: instead of focusing simply on increasing recycling quantities, recycling qualities should also be favoured. Policies should be aimed at facilitating development of waste handling logistics and processes that separate useful materials from hazardous substances. Standards for recycling products should also address the issue of harmful and environmentally risky constituents. Regarding hazardous substances, equally stringent regulation is needed for recycling processes as for other waste treatment processes.
If 'clean cycles' are established, waste management will face a new challenge: an increased volume of hazardous waste materials from recycling operations that must be contained and treated. Whereas mineralization by incineration will solve the problem for organic substances, the challenge for inorganic substances is different: they cannot be so readily destroyed or treated. For some metals, new recycling schemes might become economically viable in the future: iron, copper and aluminium can be successfully recovered from incineration bottom ash, and some of the remaining alkaline earth metals might be recycled as construction materials. Promising technologies are emerging, too, for the reclamation of lead, cadmium, zinc and other metals with relatively high volatility from incineration filter residues.
However, due to the second law of thermodynamics and the law of diminishing returns, it is not possible to recover or utilize all residues from 'clean cycles' due to high costs, large energy demand, and environmental constraints. Thus, recycling policies and plans have to focus not only on recycling but also on sinks where the non-recyclables can be safely disposed of. Such sinks are air, water, sediments, soils, and underground formations. To give an example for a sink: if a pipe made of PVC is transformed to CO 2 , H 2 O and HCl in an incinerator, nearly half of the mass of the pipe is converted to Clthat is removed from the gas stream by wet scrubbing, and finally is transported to the sink 'ocean'. Most of the remaining gaseous incineration products are released to the sink 'atmosphere'. A small amount of inorganic stabilizers in polyvinylchloride, such as lead or cadmium, and some fillers such as chalk remain and have to be disposed of in the sinks 'landfill' (bottom ash) or 'underground storage' (filter residues).
The carrying capacity of sinks is limited. Although oceans have an extremely large volume and are able to dilute chlorides with relatively little impact, it is quite different for a small stream that might not be able to cope with the chloride load of an incinerator. The soil receives inputs from many sources such as agriculture, waste management, the transportation sector, industry, private homes and other sources; special attention is needed in order to prevent long-term accumulation of hazardous substances in this important sink. Deposits, either under or above ground, will be required to dispose of residues from recycling in a controlled manner as otherwise the sinks will become overloaded.
If we want to reach the ultimate goals of sustainable waste management -protection of humans and the environment, conservation of resources, and after-care-free landfills -a strategy directed towards clean cycles and safe final sinks needs to be developed. New criteria are required for the design and assessment of waste management systems: in addition to recycling rates, indicators that point out how much of the hazardous potential of a waste is directed to appropriate final sinks must be developed. New incentives are required to ensure that waste management follows the path outlined above. A shift in awareness and interest of the waste management community is also essential: the paradigm that in the future landfills will become obsolete should be questioned, and the need for final sinks for emissions from all sources should be carefully considered. Otherwise, the result may be future overloads of sinks, with consequences similar to today's overload of the sink 'atmosphere' with greenhouse gases.
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